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ABSTRACT
The role of chlorocruorin in the oxygen transport of Eudistylia
vancouveri, a sabellid polychete, was studied by comparing oxygen
uptake rates before and after blocking the oxygen binding site with
carbon monoxide. The oxygen transport function of chlorocruorin
is greatest at high ambient PO2 and drops sharply at 46 mm Hg, about
the P50 value. At prebranchial blood pH, (7*40), and at 15 C,
the P95 of E. vancouveri chlorocruorin implies that it can be fully
oxygenated at the gill. Chlorocruorin concentration in E. vancouveri
is low and thus oxygen carrying capacity is lower than related species.
The ventilation of the tube is inadequate to meet total
metabolic demand, but the gill, which protrudes from the tube, provides
an abundant exchange surface. Blood flow in the gill appears to
be high, and diffusion distances are small (22 jam), supporting
the hypothesis that the carrier should be fully oxygenated.
The evolution of the branchial crown and the high ventilation
rate are factors which may have resulted in a high blood PO2 regime
and thus have led to the selection of a low oxygen affinity pigment
in the Sabellidae.
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OXYGEN UPTAKE AND TRANSPORT IN THE SABELLID
POLYCHETE EUDISTYLIA VANCOUVERI (KINBURG)

INTRODUCTION

The unusual blood pigment chlorocruorin, which is found only
in four families of polychetes (the Sabellidae, Serpulidae, Ampharetidae, and Flabelligeridae) has been known for many years.
Studies of molecular weight and quaternary structure have revealed
close similarities between chlorocruorin (Chi) and the annelid
extracellular hemoglobins (Antonin!

et_ al., 1.962b; Guerritore et_

al. , 1965; Terwilliger et al., 1975; Terwilliger et_ al. , 1976).
Like these hemoglobins, chlorocruorin is always found freely dis
solved in the blood, although the chromatic properties of the two
solutions differ (Fox, 1926).
Of more interest here is the lower oxygen affinity that
often characterizes the chlorocruorins.

A minor substitution on

the heme porphyrin of a formyl group for a vinyl side chain reduces
the oxygen affinity by interfering with the pi-bonding of oxygen
to the heme iron (Sono and Asakura, 1975)-

Under physiological

conditions, the molecule has the lowest affinity reported for any
of the repiratory proteins (Mangum, 1976b).

Few modern Investi

gations of the physiological function of the chlorocruorins have
been performed, however.
Ewer and Fox, (19^0) companed the rate of oxygen consumption
in individuals of Sabella pavonina under normal conditions with
other Individuals which had been exposed to carbon monoxide. The

3.
authors concluded that chlorocruorin transports oxygen in the
ambient PO2 (PiC^) range 37-137 mm Hg (17 C).
of their data, however, suggests an anomaly;

Further examination
while one would

expect the respiratory role of an oxygen carrier to decrease
sharply when Pi02 (and hence, of necessity, postbranchial blood
PO2) falls below P50, no change was seen in the role of S_. pavonina
chlorocruorin down to 37 mm Hg, the lowest Pi02 examined.

P50,

which has not been measured in this species, is likely to be
within the range 20-45 mm Hg, (see discussion).
Using the sabellid Myxicola infundibulum and flabelligerid
Pherusa plumosa , Wells and Dales (1975) examined the oxygen
carrying capacity, oxygen-binding curve, and Bohr effect of the
chlorocruorins.

From a preliminary observation of prebranchial

blood pH in M. infundibulum, they alluded to a value which was
conspicuously low, although they mentioned the difficulty in
procuring blood samples free of coelomic fluid, which usually
has a lower pH than the blood (Mangum, 1973)*

If there were no

increase in blood pH at the gill, oxygen affinity would be so
low (P50= 162 mm Hg at pH 6.8 and 22 G) that oxygenation would
be 50% at most.

Additionally, P. plumosa Chi is only 65% oxygenated

at 159 mm Hg.
The most recent investigation of oxygen transport by Chi
was made by Kayar (1978)*

Her research focused on Sabella

melanostigma, a species which lives in warm seawater canals that
are oxygen-poor.

This habitat is unusual for sabellids which

typically live in well-oxygenated waters.

What emerges from the literature, then, is the need for

a

study of how animals from a normoxic habitat transport oxygen with
a carrier whose in vivo oxygen affinity is believed to be exceptionally
low.

This contribution examines the role of chlorocruorin in the

oxygen transport system of Eudistylia vancouveri (Kinburg), a
sabellid from the Pacific Coast.

Due to the uncertainty of the

previous results and to the anomaly of their physiological impli
cations, a major goal of the present investigation was an accurate
determination of blood pH.

The morphology and circulatory capacity

of the branchial crown were also studied, and the evolution of
the trophic function of the crown is discussed in relation to the
acquisition of Chi by the Sabellidae.

MATERIALS AND METHODS

Specimens of Eudistylia vancouveri were collected from
pilings in Coos Bay, Oregon, and shipped to Virginia by air.

Animals

were kept in their tubes and maintained in the laboratory, either
in recirculating, filtered and aerated seawater (33-35 o/oo) at
15 C, or in running seawater (30-32 o/oo, 15 C).

Worms were

provided with artificial tubes made of plastic or glass tubing.
The majority of worms accepted these tubes, usually lined them
inside, and gradually built extensions of natural material.

1.

OXYGEN CONSUMPTION OF WHOLE ANIMALS

Six experiments were conducted to asses the participation
of Chi in aerobic respiration of an individual before and after
blocking the pigment with carbon monoxide.

Respirometry vessels

were constructed of glass powder funnels, plastic tubing, and
plexiglas (Fig. 1).

Animals were removed from their tubes, and

eased into the vessels which were filled with air-saturated sea
water.

The system was closed to the external atmosphere by the

introduction of a Yellow Springs Instr. Co. Model 5^20 self-stirring
oxygen probe which continuously measured oxygen uptake.
Measurements were made in the dark after which the animals
were blotted lightly, weighed, and returned to the aquarium.
5-

6.

Fig. 1.

Vessel for measurements of oxygen
uptake in whole animals. Funnel
(F); tubing (T); clamp (C);
plexiglas (P); sleeve (S).

7.

After a recovery period of at least 24. hr in aerated water,
animals were removed from their tubes and held for three hours
in a closed 1-liter container of air-saturated seawater containing
a volume of carbon monoxide which had been added via syringe with
the bottle submerged, and dissolved by shaking the bottle vigorously
for 5 min.

The concentration of CO was varied between 3 and 11

ml/1, with no appanent difference in effect.

The average level

was 6.0 ml/1, which was sufficient to lower oxygen uptake of the
intact animal without depressing oxygen uptake by isolated body
wall tissue, as determined in a separate set of experiments.
An effort to ascertain if complete conversion of ChlO^ to ChlCO
had occured was made by examining undiluted blood with a Hartridge
Reversion Spectroscope but was unsuccessful due to the wavelengths
at which Chi absorbs (559-604 ran).
During the exposure period, animals were kept in the dark to
avoid the photo-dissociation of ChlCO.

Then their oxygen consumption

rates were measured again, but this time a low concentration of CO
(0.5 ml/1) was added to the water.

Afterwards, the animals were

weighed again.
The difference between the lines for each animals with functional
and non-functional Chi was examined over P102 intervals of 5 mm Hg;
oxygen uptake was taken at three points and integrated, giving a
percentage of the value for functional Chi.

The mean percentage

(transformed by arcsin) at each P102 value was treated as a single
observation, and the difference from zero analyzed according to
Student's t-test.

8.

2.

OXYGEN UPTAKE BY THE TISSUE

To test the effect of carbon monoxide on cellular metabolism,
paired camparisons were made on tissue samples with and without the
presence of CO.

Body wall tissue from freshly dissected worms was

sliced into sections approximately 1 x 2 mm, and rinsed with Tris
Maleate (0.05 M) buffered seawater (pH 7*4) at 15 C.

Aliquots

of tissue (0.01 g +0.01 S.E.) from the same animals were placed
in small respiration vessels (15-16 ml) filled with either buffered
seawater (control) or buffered seawater with a known concentration
of CO (4.5 or 11.2 ml/1), and oxygen uptake measured in the dark.
At the end of the experiment, tissue samples were blotted and weighed.
Percent difference of VO2 was analyzed as above.

3-

BLOOD pH

The in vivo blood pH at 15 C was determined using a Radiometer
Blood Micro System BMS1 and Acid-Base Analyzer PHM 71*

After opening

the body wall, prebranchial blood samples were collected anaero
bically from the gut sinus of 6 healthy worms within 5-10 seconds
of initial contact; punctures were made in the thoracic region
with a drawn-out capillary.

94.

BLOOD PIGMENT CONCENTRATION
AND
OXYGEN CARRYING CAPACITY

Blood samples were diluted 30-45 x with Tris Maleate (0.05 M,
pH 7-5) and saturated with carbon monoxide, and the absorbance
at 602 nm determined using a Beckman DK-2 spectrophotometer.

Chi

concentration was calculated from the extinction coefficient
El% = 5.9 (Antonini, et al., 1962b).
Knowing the concentration of blood pigment, the approximate
oxygen carrying capacity was estimated assuming that the ratio
of heme to protein in Chi is half that of mammalian Hb (Guerritore
and Zito, 1971; Terwilliger et al., 1975; Terwilliger et al., 1976).
Therefore, blood oxygen carrying capacity is approximately half
that of mammalian Hb oxygen binding capacity (I.38 ml 02/g) times
concentration plus dissolved oxygen.

5. VENTILATION

To measure the ventilation of the tube, animals were removed
from their natural tubes and eased Into a plastic tube of similar
dimensions, which was connected from the bottom to Gilmont manometertype flow meters (0-1 or 0-4 ml/min).

The system was placed in

an aquarium filled with aerated seawater.

The flow rate was monitored

by observation at one or two minute intervals for periods of up
to one hr; total observation time was 214 min.

The effect of carbon monoxide was tested in two experiments.
During continuous aeration, CO was bubbled at a low rate through
the aquarium water in an effort to saturate it, and the ventilation
rate was recorded.

6. BLOOD VESSELS OF iHE BRANCHIAL CROW

The average number, length, and width of the gill pinnae were
measured with an ocular micrometer, and their area calculated as if
they were right circular cylinders.
The fine structure of the branchial crown was studied using
both light and electron microscopy.

The branchial crown of a

medium sized specimen was excised and fixed for 1% hr in 2%
glutaraldehyde buffered to pH 7-4 with 0.1 M phosphate, containing
0.25 M sucrose.

After several buffer rinses and post-fixation in

1% OsO^j (pH 7*4), the material was soaked briefly in 50% acetone and

incubated overnight in a 2% uranyl acetate solution.

Dehydration

was completed in acetone, and the tissue infiltrated in a graded
series of acetone:Epon 812.

The gill filaments were then cut into

small pieces, embedded in fresh resin in Beem and gelatin capsules,
and polymerized for three days at 60 C.
Thick sections (1jum) were cut with glass knives on a PorterBlum MT-2 ultramicrotome, stained with toluidine blue, and examined
with a Zeiss Photomicroscope II.

Thin sections were cut with a

diamond knife on an LKB Ultramicrotome III, and picked up on both

200 mesh and slot grids; contrast was enhanced with lead citrate
before the sections were photographed with a Zeiss EM 9S-2
transmission electron microscope.

RESULTS

1.

TISSUE RESPIRATION

Carbon monoxide is oxidized by the cytochromes (Clark et_ al.,
1950), and concentrations of about 6 ml/1 have been shown to elevate
tissue respiration in Lumbricus terrestris at 152 mm Hg (Johnson,
1942).

In Eudistylia vancouveri, concentrations of CO between 4.5

and 11.2 ml/1 also increase the rate of tissue oxygen uptake at
high P102 (Table 1).

The effect decreases at lower oxygen tensions,

and disappears at about 70rnmHg (4.5 ml CO/1).

Very high concentrations

(22.3 ml CO/1) depress the rate by 60% at high P102, and the effect
increases at lower Pi02-

2.

THE ROLE OP CHLOROCRUORIN IN RESPIRATION

The oxygen uptake rates of whole animals show that they are
oxyconformers in both control and experimental conditions (Fig. 2a).
However, when Chi is blocked with CO, the rate is significantly
depressed at high Pi02 (Fig- 2b).
The trend shown in Fig. 2b is probably underestimated.

If CO

tends to increase cellular respiration at high Pi02, it would minimize
the apparent contribution of chlorocruorin.
12.

Thus, despite the

13.

TABLE 1.
The effect of CO on tissue respiration.

% Elevation of VOp

PiOp
(mm fig)
(4.5 ml CO/1)
125
120

5-9

110

32

100

40

90

33

80

17

70

0

(11.2 ml CO/1)

(11.2 ml CO/1)

27

25

35

14.

Fig. 2a.

The relationship between oxygen uptake
and Pi02 in a 12.4 g (wet wt) individual
Eudistylia vancouveri. 15 C3 31 o/oo
salinity. O) = Control; (O) - after
exposure to CO.

Fig. 2b. The effect of carbon monoxide on oxygen
uptake in whole animals. 15 C, 30-35 o/oo
salinity. Paired comparisons made on six
animals; data overlap in parts of PiOp
range. N = 3 points x no. comparisons.

V 0 2 ( jjl/g wet w t - h r )
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15direct effects of CO on tissue metabolism, the trends shown in Fig.
2b appear to reflect real changes in the role of Chi in oxygen
transport, even though the absolute values are probably incorrect.
At high PiOy^ (140 mm Hg) Chi mediates at least 80% of the
total oxygen uptake.

Its role declines slowly with oxygen tension

to about 46 mm Hg, where the function appears to drop precipitously.
Below about 38 mm Hg, the percent depression becomes insignificant,
and the oxygen transported by Chi is probably negligible.
These results indicate a greater respiratory role of the blood
in Eudistylia vancouveri than found in other annelids, including
that of Sabella pavonina (Ewer and Fox, 1940).

3.

VENTILATION

Ventilation of the body wall is not clearly rhythmic, and
it appears to be independent of whether the animal is ventilating
the gill or is retracted within its tube, which has also been
shown in Schizobranchia insignis (Dales, 1961).
During active irrigation, the mean rate of tube ventilation
is 6 worms (6.5-13-2 g wet wt) was 7-68 (+ 3-00 S.E.) ml H20/g-hr.
The average wet weight was 8.5 g> giving a weight-specific figure
of 0.9 ml H20/g-hr.
Two specimens had a mean control rate of 12.1 (+ 5*3 S.E.)
ml H20/hr, which appeared to increase after CO exposure to l8.0
(+ 9*5 S.E .), but due to the great variability, the increase is not
significant (P>0.25)*

Thus ventilation in the control and CO-exposed

worms is not clearly different.

16.

4.

GILL SURFACE AREA

The ornate branchial crown which serves as a gill presents
an abundance of gas exchange surface.

It consists of two branchioles

made up of numerous longer and slender pinnae, each of which
gives rise to a double row of fingerlike pinnulae. The surface
o
area of the gill is approximately 195 cm , which provides
30.3 cm^/g wet wt of exchange surface in an average (6.4 g)
animal (Table 2).

The pinnulae, which number some 54,000 in

our model, supply over 70% of exchange surface area.
The elaborate gills of the terebellid Amphitrite ornata
O

provide a similarly large surface area, up to 36 cm /g dry wt
(about 29 cm /g wet wt assuming 80% conversion; Mangum et al. , 1975)*
Given the approximate dimensions 10 x 1 cm for E. Vancouver!,
the surface area of the body equals 4.9 cm^/g wet wt, which is less
than 15% of total exchange surface.

Thus, the gill accounts for

over 85% of surface area available for gas exchange.

In A. ornata,

this value is only 30% (Mangum et al., 1975)*

5.

BLOOD VESSELS AND BLOOD FLOW RATE
IN THE BRANCHIAL CROWN

Gill filaments are supplied with individual blood vessels
which branch into the pinnulae (Fig. 3)•

In E. Vancouver!, these

vessels are blind-ending as shown earlier in other sabellids (Fox,
1933; Fauvel, 1959)*

Like most of the other blood vessels, the

branchial vessels are rhythmically contractile, and if the crown

17.

TABLE 2.
Measurements of the branchial crown in Eudistylia vancouveri.
Data from three animals.

Mean No.
No. Measured (Length)
Mean Length
No. Measured (Width)
Mean Width

PINNAE

PINNULE

268 (per crown)

203 (per pinna)

406

305

1.33 (+0.9 S.E.) cm

1.07 (+0.2 S.E.) mm

8

8

0.2 (+0.01 S.E.) mm

82 (+26 S.E.) urn

18 .

Pig. 3-

Sabellid branchiole. Branchial vessel
(BV); pinnule vessel (Pn V); pinna
(filament) vessel (FV). Not to scale.

19is amputated, the contractions will persist for many hours (Zoond,
1931; Fox, 1933).
Blood flow in the crown is tidal, and the periodicity of
filling and emptying is very regular.

At 15 C, the diastolic

rhythm in 3 worms weighing 2.5-3*3 g was 6.5 (+ 0.15 S.E., N=38)
contractions/min, and the period between contractions was 9-2 sec.
This rate is somewhat higher than in other sabellids:

at 19 C

crown vessels of Sabella pavonina contract every 10.1 sec (Fox, 1938),
slowing to every 16.6 sec at 19 C (Ewer, 1991).

In Dasychone

bombyx, the period at 18 C is the same as in S_. pavonina at 19 C
(Fox, 1938).
When measured before and after fixation and embedding* the
pinnule diameter changed by 10$.

Therefore, the following'dimensions

have been corrected to approximate those of untreated tissue.
The branchial blood vessels are equal in length to the
filaments and pinnulae themselves, less the border (22 jum) of
epithelial tissue.

Thus, the mean lengths of pinna and pinnule

vessels are 13.18 and 1.098 mm, respectively.

The pinnule blood

vessel is maximally about 33 jam in diameter (Figs. 9a and b, Fig. 5).
The diameter of the blood vessel In the filament, which was fixed in
the contracted state, Is 92 p m (Fig. 6).

This figure corresponds

to about 76p m in life, using a correction factor of I.83 obtained
from the change in pinnule blood vessel diameter with expansion.
In small specimens of Sabella pavonina, the vessels are predictably
not as large, reaching 60 jam In the filaments and 20 jum in the
pinnulae (Ewer, 1991).

20.

Pig. 4a.

Light micrograph showing cross
section through pinnule. Contracted
blood vessel (BV), within coelomic
space (CS). Cilia (C). Bar = 20 jum.

Pig. 4b.

Cross section through pinnule showing
expanded blood vessel (BV). Bar = 20jum.

21.

Fig. 5*

Electron micrograph of contracted
pinnule vessel3 showing the decrease
in lumen (L) caused by infoldings of
vessel wall (W). Contractile
myofilaments (CM). Bar = 1 jmm.
Insert:

Granules of chlorocruorin
in crystalline array.
Bar = 100 nm.

|ty . •«*, if.

1 L ..V ' V

22.

Fig. 6.

Light micrograph of cross section
through pinna, showing contracted
blood vessel (BV), and smaller vessel
branching to pinnule (arrow).
Cartilagenous rod (Car). Bar = 25 jum.

23Using a model based on the dimensions reported above, the
volume of the branchial crown vessels in E. vancouveri is approximately
67 jul.

Prom this estimate and the observed pulse rate, blood flow

rate in the gill is (6.5)(0.067)(60) = 25*1 ml/hr, or about
68.1 ml/kg-min.

The absolute value is four times higher than the

Fick estimate of cardiac output in Arenicola cristata (Mangum, 1976a).

6.

BLOOD PIGMENT CONCENTRATION AND
OXYGEN CARRYING CAPACITY

After diluting the blood for absorbance measurements, there
was no evidence of a precipitate.

In six animals, blood Chi

concentration varied from 2.9-7*0 g/100 ml; the mean value was
5.2 (+ 0.5 S.E.) g/100 ml.

This is roughly half the concentration

of hemoglobin disolved in Arenicola blood (Toulmond, 1973; Mangum,
1976a).
The estimated oxygen capacity of the blood in E. vancouveri
is 4.2 ml/100 ml at 15 C.

This value is lower than in other sabellids,

reaching 9-1 ml/100 ml in Sabella spallanzani (Pox, 1926), and
8.0 ml/100 ml In Myxicola infundibulum (Wells and Dales, 1975)*
Prom the estimated oxygen carrying capacity and blood flow rate,
the maximum delivery of oxygen is (4.2 ml/100 ml)(26.1 ml/hr) =
1.1 ml 02/hr.

VO2 for a 12.4 g animal is (12.4 g)(48 pl/g-hr) =

595 Hi Og/hr, so about 3/5 of the oxygen would have to be given up
In the tissues.

DISCUSSION

The oxygen transport function of chlorocruorin in the
sabellid Eudistylia vancouveri is greatest at high oxygen tensions
(PiO2>120 mm Hg), where the carrier mediates over 75% of aerobic
respiration.

As Pi02 declines, the function of Chi is reduced,

and it decreases sharply when Pi02 approaches P50, where the
oxygenation of postbranchial blood must decline well below 50%.
At low ambient oxygen tensions, Chi oxygenation is minimal, and
the carrier ceases to function.

The pH of prebranchial blood is only slightly low for 15 C
(Mangum, 1973)3 and the value for postbranchial blood must be
at least that high.

Thus, the earlier conclusion that blood

pH in the flabelligerid Pherusa plumosa is so low that the
carrier can only be 65% oxygenated in postbranchial blood, should
probably be re-evaluated.

At pH 7*403, and a temperature fairly

representative of summer conditions for the species in question,
oxygen affinity of various chlorocruorins ranges from 17 to
45 mm Hg (Table 3)5 considerably higher than assumed in previous
studies, but still lower than many of the annelid extracellular
hemoglobins (Mangum, 1976b).
Sabellid chlorocruorin binds oxygen cooperatively, in two
or three distinct phases of subunit interaction (Antonini, 1962a;
Manwell, 1964; Wells and Dales, 1975)*

24.

The Hill constant, n,
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increases from 1 at low % Chl02 to 4-5 at intermediate oxygenation
states.

If in E. vancouveri, n reaches 4.8 (Manwell, 1964),

then P95 Is about 80 mm Hg.

Unless the blood-medium difference

across the branchial epithelium is greater than 79 mm Hg, which
seems unlikely at PIO2 159 mm Hg, the chlorocruorin should be
fully oxygenated at the gill.

This hypothesis is supported by

the abundant surface area of the gill, about 70% of which is
conprised of pinnulae, and the thickness of the epithelium
(22 urn), which is not an appreciable barrier to diffusion.
It should be pointed out that not all chlorocruorins are
as highly cooperative as in the sabellids; flabelligerid Chi
has a monophasic oxygen-binding curve, and n is as low as 1
(Manwell, 1964; Wells and Dales, 1975).

Thus the determination

of blood P02 in the different chlorocruorin-containing families
will be extremely interesting.
The quantitative importance of the carrier in total O2
uptake suggests than an appreciable deoxygenation at the tissue
also occurs.

It will be interesting to learn whether this process

takes place at a high blood POq, which would be possible only
because of low oxygen affinity.
Oxygenated blood is shunted away from the gill via the
transverse vessel (Fig. 7) to the ventral vessel, but this passage
is frequently delayed; a unit volume of blood may be returned to
the gill, and exposed to the medium again before it is sent to
the tissues.

The branchial crown may thus be a rare example of

a multiple pass system, analogous to designs that increase the

27.

Fig. 7*

Sabellid circulation. Arrows indicate
blood flow; vessels in the head and
thorax, anterior end to left; branchial
vessel (BV); circumesophageal vessel
(CEV); connecting vessel (CV); dorsal
vessel (DV); gut (G); gut sinus (GS);
lateral vessel (LV); peri-esophageal
plexus (PEP); transverse vessel (TV);
ventral vessel (W).

>
-J
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efficiency of heat exchangers through multiple exposure of the
cold to the hot fluid (Mangum, 1977)*

If the blood has a low

oxygen affinity, however, it could conceivably deoxygenate
prematurely before reaching target organs deep within the body.
If the blood leaving the gill mixed extensively with prebranchial
blood, as in Arenicola, the problem of premature deoxygenation
would be aggravated (Mangum, 1978a).
Ewer’s (1941) study of Sabella pavonina predicts some
mixing of post- and prebranchial blood in the ventral vessel.
The circumesophageal vessels occasionally send blood directly
from the dorsal to ventral vessel, thus bypassing the gill. In
the ventral vessel, some postbranchial blood is sent to the
lateral vessels which then pass it forward.

Along their length,

these vessels send blood to the gut sinus, but at the head they
return some mixed blood to the ventral vessel.

In addition, the

peri-esophageal plexus sends some prebranchial blood from the
gut sinus, but its contribution is probably small, for two reasons:
1) the diameter of the connecting vessel of the plexus is small,
and 2) blood from the plexus is periodically pushed back into the
gut sinus.
The maintenance of blood mixing is difficult to interpret;
perhaps the vessels connecting the plexus and the anterior part
of the lateral vessels are simply vestiges of an ancestral circula
tory design in which blood mixing was more substantial.
In sabellids and serpulids, as in the lamellibranch molluscs,
the development of the branchial crown for a trophic function may
have inposed a selection pressure which would have made a lower

29affinity pigment advantageous (Mangum, 1976b; Mangum, 1980).
The ciliary currents which provide the worm with food particles
have a much higher velocity than the purely ventilatory currents
of the lower polychetes.

In sabellids, measured rates of gill

ventilation range from 70-390 ml/g-hr, and in serpulids up to
2 1/g-hr (Dales, 1957; Dales, 1961), whereas those in groups
that feed by other means range only to 80 ml/g-hr (Mangum, 1976b).
In Myxicola infundibulum the amount of water passing over
the gill in an hour contains over 1,535 pi O2 (Dales, 1957),
from which about 6% is extracted.

Schizobranchia insignis

extracts 10# of its oxygen supply, which is a high value for
filter feeders (Mangum and Burnett, 1975).

If oxygen extraction

in E. vancouveri is as high as 10#, and if VOy is 48 ul/g~hr,
the ventilatory rate needed to provide enough oxygen is 84
ml/g-hr, which is generally higher than in species that do not
utilize the water column in feeding (Mangum, 1976b).

Thus it

is reasonable to suggest that during the evolution of the branchial
crown and the advent of increased gill ventilation, a low affinity
carrier was selected for which maximizes the oxygen transport
function of the blood at high ambient PC^.
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